A periodically poled MgO -doped LiNbO 3 (MgO:LN) non-degenerate photon pair source is utilized for spontaneous parametric down-conversion of 532 nm photons into time-energy entangled pairs of 794 and 1614 nm photons. The entangled photons are separated using previously detailed sorting optics, such that each wavelength is independently directed through one of two modified Mach-Zehnder interferometers -also known as a Franson interferometer -after which they are fiber-optically guided to high-efficiency photon detectors. Output from the detectors is sent to a high resolution time tagger, where coincidences between the entangled photons are recorded. By varying the length of the long path in one Mach-Zehnder interferometer, it is possible to observe high visibility sinusoidal fringes in the measured coincidence rates (while no variation is seen in single photon detection rates). These fringes -due to interference between the photon probability amplitudes -are indicative of a violation of the Bell inequality, and confirm inconsistencies with local hidden variable theory for the correlations of the time-energy entangled photon pairs.
INTRODUCTION
When Einstein, Podolsky, and Rosen first presented the idea of entanglement -what Einstein dubbed "spooky action at a distance" -it was not to assist in the confirmation of quantum phenomena, but an attempt to refute them 1 . Quantum entanglement describes the non-intuitive physical property that, when two particles are entangled, it is impossible to describe each entangled particle's state without taking into account the state of its partner. This "entangled pair" is tied together such that, if the state of one particle is measured, it is possible to instantaneously know the state of the other, no matter the distance between the two. It was believed -at the time -that this was a violation of locality and realism, and indicated that quantum mechanics was incomplete. This finding (now known as the EPR paradox) was one of the strongest arguments against the non-deterministic nature of quantum mechanics. One logical explanation for this strange property was the presence of local hidden variables -the idea that there is information "stored" in the particles when they are emitted -rather than describing the coupled system as a single wave function.
At the time, there was no clear line of reasoning against the existence of local hidden variables. Nearly thirty years after the EPR paradox had been brought to light, Bell was able to show local hidden variables could not explain a number of statistical predictions made by quantum mechanical theory 2 . He showed that correlation measurements of entangled photon states -such as spin -violated derived inequalities which local hidden variable must satisfy. These violations of "Bell's Inequalities" have been experimentally tested and verified in a number of experiment 3, 4 , with all possible loopholes recently closed 5 .
The usefulness of these entanglement properties lie in their potential applications for optical communication 6, 7 . With the advances in quantum computing -and the subsequently decreasing security of classical encryptions protocols -interest is being directed toward increasingly secure communication systems. Unlike their classical counterparts, quantum systems are able to ensure privacy from eavesdroppers by utilizing Heisenberg's uncertainty principle 8 and the "nocloning" theorem 9 . However, for these new systems to be viable, especially for future aero and space applications, it is necessary to employ single-photon sources that can maintain data rates comparable to today's cutting edge devices, and which are of low size, weight, and power. To meet these requirements, some of the most promising technologies in this vein of research take advantage spontaneous parametric down conversion (SPDC), wherein a single photon (generally generated by a pump laser) is propagated into a bulk nonlinear optical crystal, and spontaneously split into two entangled photons of lower energies.
In this paper we present an analysis of a novel single photon source, developed by AdvR through NASA's SBIR program, which utilized SPDC to generate time-energy entangled photon pairs. Previously, a number of characterization studies have been published on this and similar devices 10, 11 and have shown a great deal of promise. In order to confirm that this is truly an entangled single photon source, it was necessary to prove the emitted photons violate Bell's inequality. We report the results of a Bell inequality experiment for a high brightness time-energy entangled source for quantum communication applications, and provide evidence that the studied source produced entangled photon pairs.
FRANSON INTERFEROMETER
As an alternative to the polarization entanglement used to postulate and prove the existence of entanglement, it is possible to create photons that are time-energy entangled. Photons generated via certain forms of SPDC can be entangled through their time of creation and the conservation of momentum. This is based on the property that the energy of downconverted photons and their relative time of arrival are coupled, via the Heisenberg uncertainty principle for time and energy:
In 1989, Franson proposed a system to measure time-energy entanglement, now known as a Franson interferometer 12 . This system is fundamentally a pair of coupled, spatially-imbalanced Mach-Zehnder interferometers (MZs), used to detect two photon interference in coincident measurements of time-energy entangled photon pairs. By creating a path length difference ∆L between the MZs long arms and sending entangled photons down each, it is possible to create a time delay ∆L/c (where c is the speed of light). Varying this time delay (rather than the energy of a photon, which is far more difficult) is equivalent to varying the orientation of the polarizers in more traditional Bell's inequality tests.
The photons in each MZ have two path options (short and long), implying four possible photon coincidence measurements between the two interferometers: short/long (s-l), long/short (l-s), short-short(s-s), and long-long (l-l).
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